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IH=UCTION

Infomw.tion on fluekrivoted joints for nirorcd% con-
struotlon is greatly needed in tho preeent emorgonoy. The
National BuroAu of Standards ig invostigr.tingtho mmhnnionl
properties of flush-rivotod joints =t the roquost of tho
Nat~onal Advisory Oommittoe for Aoronc=sztias
oporction of tho Air Corps, WP.rDopartrnont;
Aoronautios, Navy Doprmtmen%: ~md the Civil
ministr”.tion~Ikpartmont of Oommorco.

From tests on a sorios of stnndnrdized

Fad with thO CO_

the Bureca of
Aeronautics Ad-

nocimone obtainod
from CLnumber of nirplme mumfaoturors, tho ~trongth, ocour-
renoo of defects, nnd effect of the nnglo of tho rivet ho-d
hnvo boon dotorminod. The spocimons ropreaont combinations
of structural memobors frequently joinod by flush rivets nrd
wore dosignod to ~fford a oompnrlson botwoon tho different
types of rivet and rivotlngprocoss.

Tho procont progrnxzoontomplates tests on series of
spocimons from 15 manufacturers of whioh 5 sorioa hr.voboon
complotod and nxo reported heroin. As soon m toots woro
complotod on ench sorlo~ tho rosulto have boon mr.doavr.ilablo
in the form of Q progrecs report to govornmontnl agonoios and
to tho mnnofacturor. Aftor all the spocimons nro tostod it
is o~octod that a report summarizlng tho results and cozgxdng
in dotnil the sevoml typos of ~oints will bo published. How-
ever,.duo to the Immodinto need for this informntinn, tho re-

sults will be roloaaod from time to time in tho form of n
progross summary.

5EECIMENS

Tho agoclmons compllod with ‘Specifio~.tlonfor Fkeh-
Rlveted Test Spoclmon~, Sooond Ser%os,H whioh was prepnrod
by tho lk’.tiondBureau of Stnndards for this investigation.
Shenrlng omd tensile spooimons *OS I to VI aro shovm in
figuro 1; spooimons VII, VIII, Pad IX are exhibit spooimens
showing oonetruotloml details of tho joints; epoolmona X
andXI oontnin a suffioiont number of rivets to dotormino tho

— —.— —.



2

frequemy of
joined by 50

cracks and consist of a pair of dimpled sheets
flush rivets as follows:

Sheet Rivet
Specimen thiclmess diameter

(in.) (in.)

x
XI

0.025
● 064

l/13

3/16

!I!hemanufacturers~ ruunesare not given but the manufac-
turer smd his specimens are designated by the number of the
progress r~~ort in which the results were given. Manufactmer
1 amd 5 are the same; the two numbers refer to his countersunlc
(the term ‘counteretin refers to the sheet a&lacent to the
manufactured head of the rivet) and Mnpled specimens, res-
pectively, which were rqmrted separately. Kms there were
5 manufacturer and 6 reports.

The rivets were the following:

Eemort Eead A.llw**

Angle diameter*
(deg.)

deuth*
d d

lmld5 115 2.05 0.37 A17&T and 24s-T
73 1.60 .37 A17S-T

; 115 1.:0 .29 A17S-T
; 7C “1.60 .37 A17&Tmd 17S-T

100 l.gs .37 A17S-T and 2WT

*d =ncminal shank diameter. In some cases the head
proportions varied slightly for some sizes; the
value given is ~roximately the average.

**As stated by the manufacturer.

&h manufacturer otated that the sheet alloy was alclad
24s-T except that manufacturer ~ stated that the alloy for his
specimens was 24S-T. Shearing tests of the rivets -andtensile
tests of the sheet were mde by the National Bureau of Standards

I
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to determine compliance with Amqy or Navy speoificati.ons.The
shearing and tensile properties, respectively, coqlied with
the requirement.e.of an Amy or Na~ ~ecif ication-for the mat-
rial ao described by the mamfacturer.

.,----

&om the manufacturert8 description of the riveting proo-
em it is believed that the sheets were taeparatelydimpled in
all caseta. Genemalw the male dimpling tool for the aurfaoe
sheet had an include%daagle about equal to that of the rivet
head, but the femele had a greater angle. Both had a greater
angle for the sheet underneath the surface eheet; this under--
neath sheet wae muntereunk in the typeIV specimens of report
6. li few of the rivet bolos showed SVldeMO of being roamed
after dimpllng, probably for the purpotae of aliqomcnt. k!ost
of the ho~es were burred. ~wets were driven by squeozhg,
on-shot impact, or repeated impact. Tool drawings submitted
by manufaoturems 2 and 4 showed similar dimpling tools and
similar constructional practdces.

!mSTs

Tensile loads were applied to tho ehearing epeoimens to
cauee shearing and bearing loade on the rivets. The mlippage
was determined on at least one ehearing specimen of each kind
by applying a load, unloading to elmost zero, measuring the
slippage, applying a greater load, etc. The 1311ppagewan
meaeured by soribing a line with a razor blade on the edges
of the overlapping sheets oppo e~t e a rivet and measuring the
offeet in this line by meane of a Brinell microscope (fig. 2).
%0 offset was meaeured for each load after that load had
been applied and released to almost zero. Wfsets measured
on both edges of the specimen wero averaged. General~ the
m@.mum load wae determined on three shearing speoimens of
eaoh kind.

!Che tensile ~ecimene were attached to the testing maohlne
as ehown in figure 2 and the breaking load was determined.
Three or four epecimons of oaoh kind were tested.

Specimens VII, VIII, IX, and in some cases ehearhg
specimene representing several combinations of d and t
were seotioned for ~ination to determine the confltruotion
and the occurrence of defecte. 5s rivets of specimens X
and XI were drilled out and the eheete wem examined for cracks.
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Zoa&elippage curves were plotted for all shearing
specimens on which slippage watadetormln.od. Hominal shearing
and bearbg stmmeee corree_pondingto slippages of O.Old,
O.OJd, and 0.05d for some manufacturers, O.Old, 0.05d, eud
O.10d for othere, were determined from these curves and
plotted in fi~ee 3, 4, 5, and 6. In these figures the co-
ordinate axes are the shearing etress 6~ and the b=i~

Otrese ~. A circumferential scale of

eliminating load from the relationehipe

e

lo~ = ‘+ %=d% for me’

d/t determined by

I and III

load = 2 + s, = 2dt~ for types II and IV

Is also shown on the gr~hs. The hollow charaotere (cirale,
triangle, or square) on a radial line indicate the otresees
correepond+!mgto the time slippagee fez’one specimen whose
d/t ratio corresponds to that line. The maxlmm stresses
for this epocimon are hdicat ed by a solid character. Other
solid haCt~S on or near the radial.line are the mimum
stresses for additional shearing epecimene of the emme Idnd.
In computing stressee and d/t ratio tho nominal rivet diam-
eter d end the moaeurod sheet thickness t as ehown in
figure 1 were used. Where the joint contained two sheets of
the same nomird thickmess but different measured thickness,
the measmed thiclmess of both was averaged.

The tensile strength was conrpu~ for the tansile epe-
ciiaensby dividing the breaking 1 %y the nominal crom-
sectional area of the rivet. The5 “ulteare given in
figures 7 .md g.

Photomacrographs of the sectioned specimens are shown
in fibgwres9 to 11 and 13 to 15. ~igure 12 shows radial
crocks in report-2 specimens.

B’or the purpose of comparison, the manufacturers are
listed below in the sequence of decreasing a%mrlng and
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bearing stress at a given slippage or at failure. (Ho. lof
the sequence showed the greatest stresses at a @van slippage

->...... .or at failure.) - ----... .. , - . .

!%s sequenoe was deterdnedby tho magnitude of tie
stro~aea over a range of d/t at which a given slippage or
failure occurred. In Oomo cases it waO &Lfficult to detemine
the aoqpence due to the scatter of the points and to the fact
that the sequenco frequentw wxried with the d/t ratio. In
these casee the a9dgnod. sequenco depends onpcrsmal. $dgmont.
Where several rspcrt num%ere are underlined the rasults are
~udgedtobe about oqml.

In comparing the specimens it is necessary to evaluate
tho effect of tho rivet cllcy. All cf the manufacturers used
A17W.l!rivets, but manufacturers 4, 5, ad 6 used strcngor
alloys in addition for scmo spoci:mns, particularly in the
3/16-inch and l/~inch diameters. The graphs for manufacturer
6 auggcat tkt the use of 245-T for the lcwor ~~t ratios
whore the @ocimone are critical in shearing would improvo the
slippage and tho strength. In report % 17& T-rlvotod spoci-
mons (d/t = 3.1) hod10SSellppage and grcator strength than
comparable specimens employingA17%Trivets. Report 5 shows
littlo offoct of tho rivet alloy.

Thcitable Ehcwe that, in gcnmal, report-6 dl@ed speci-
mens hnd tho least sllppngo for typos I and II, report-4 for
typos III and IV; ono or tho othor of reports 4 and 6 showod
tho grcatost breaking strength for the four typos. Eoports
2 and 3 ehcwod tho least slippage for countersunk specimens.

Tho broaklng strength of report-s &Lmplod tensile wpocimens
was tho greatest. Thus no report showed superiority for all
Qpee of spt)cimon.

Figure 9 shows, at the lower ri~t, a joint in which the
countersunk head extends practically through the mcond ehoet.
ThiEIcon~tion Is believed to be conducive to sllppago where
the head angle is as great as 115°and to facilitate lapping
of the upsG5 ahenk over the root of the manufactured head.

Gcnerelly the conformance of tho sheets to each other and
to tho rivet at the dimple Ie believed to bo good end thoro
wero few obvicue defects, such as clearances, cracks, voids,
etc., which would oxplaln difforon~s In behatior. Angular
clearance h some machlneccuntersunk specimens Is ovldent in
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figure 9 whommanufacturer1 used a 120° countoraink of his
115°rivet. Occasional slight clearanoe of a dimpled sheet in
tho maohino-=countersunkbacking member ~ bo aoen in soctionod
epoclmons for several manufacturers.

Radial cracks were found only in speclnmae X end XI of
romort 2 as shown in figuro 12. !Cheeooccurred in one or the
othor shot or both at g percent of the rivet bolos in spoclmon
X nmd 62 porcont of the hol~a in upcoinon ~. Moot of the
craclce~mro qpfto srn~llbut a fow oxtondod alxxmt %0 tho rim
of tho dinplo. No circumferential craoks were fti

ifational Bureau of Standards,
Washington, D. C., January 16, 1942.
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COEEESPOEDING TO A GIVXN SLIPPAGE

~iPP%O = O.Old

Smess “

-.—
Dimpled ocunterwnk?

Soquenco Soquonco

!l&pO 1 2345 12 3
I

P
321

II ti;~ 231
111 - - - - - 23**
IV

I
II
III
IV

I
II
III
IV

I
II
III
IV

v
VI

2UU j2”*

Ellppage = .05d

Slippage = .lOd

321
:y **
32**

Sequence for decreasing shearing strength

Sequence for decreasing tensile strength

*A17S-T rivets.

**Mmufwturer 1 di& not submit

-The points woro too scattered

32
32

~es III, IV, V, and VI.

to determine the sequence .

#lianufaoturerh submitted tensile spechone but their rango of
d/t doosnot permlta gcodm-ison witiotier~ecimens.

-—-. —.. —. —...- . .. . - -.. - . .—
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s, tonearoat 1/16 in. . d(l + 3 d/t).‘mx= 12&w~n=

D1m~
Rlwt Drill13iZ0
aim. A B
in. In. h.

3132 ~ 1/4 #33 3/16 ~

1/8 1 5/8 #19 1/4 ;

5/32 2 #11 5/16 E

3/16 2 1/2 “?M 3/8 ;

1/4 3 1/4 ~om 1/2 1
in.

3/8

1/2

5/8

3/4

1

Figure 1

Shearin opeoimonaI, II, III,●nd IV,loft;tonrila@P.Oi=On~
V.nd V!, dtOV@

I
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Figure 2
.

Left, rneammlng the elippage of ● shearing
epeclmen by means of a Brinell mloroscope. ~

+3
Above, tenelle epeolaen and fixture. m
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Figure-$l. Cross section of specimens from reports 1 and 5.

The specimen at the lower right consists of a ~-in. 24ST rivet in
0.064-in. sheets. A shearing load of 400 lb per rivet had been ap-
plied prior to sectioning, otherwise this specimen is nominally the
same as the one directly above it.
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Figure 10. Cross section of spe(
from report 2.
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Figure 11. Cross section of additional specimens
from report 2.



Figure 12. Radial cracks at dimples of specimens from report 2.”

On top, specimen X; on bottom, specimen XI.

The sheets are those adjacent to the
Most of the cracks were smaller than

●

driven head. P
the ones shown. n)
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from report 3.
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Figure 14.’ Cross section of specimens from report 4.
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Figure 15. Cross section of
specimens from report 6.
Construction A on right as
distinguished from construc-
tion B was used for all
dimpled type-IV specimens.
Dimples from specimen XI are
shown above.
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